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Background: Penetrating injuries to the axillary and subclavian vessels are a source of significant morbidity and mortality.
Although the endovascular repair of such injuries has been increasingly described, an algorithm for endovascular versus
conventional surgical repair has yet to be clearly defined. On the basis of institutional endovascular experience treating
vascular injuries in other anatomic locations, we defined an algorithm for the management of axillosubclavian vascular
injuries. Subsequently, a near decade long experience with the management of axillosubclavian vascular injuries was
retrospectively analyzed, so as to more accurately assess the true feasibility of endovascular treatment in these patients.
Methods:We defined a management algorithm that included (1) indications, (2) relative contraindications, and (3) strict
contraindications for the endovascular repair of axillosubclavian vascular injuries. Anatomic indications for endovascular
repair were restricted to relatively limited axillosubclavian injuries (pseudoaneurysms, arteriovenous fistulas, first-order
branch vessel injuries, intimal flaps, and focal lacerations). Relative contraindications for endovascular repair included
injury to the axillary artery’s third portion, substantial venous injury (eg, transection), refractory hypotension, and upper
extremity compartment syndrome with neurovascular compression. Strict contraindications to endovascular repair
included long segmental injuries, injuries without sufficient proximal or distal vascular fixation points, and subtotal/total
arterial transection. Within the context of these definitions, we retrospectively reviewed 46 noniatrogenic subclavian and
axillary vascular injuries in 45 patients identified by a prospectively maintained computer registry during a 9-year period.
Presentations were reviewed concurrently by two endovascular surgeons, and potential candidates for endovascular
management were defined.
Results: Among 46 total case presentations and among the 40 patients who maintained vital signs on presentation, 17
were potentially treatable with endovascular therapy. Among the cohort of 40 presentations, the most common
contraindications to endovascular therapy were hemodynamic instability (n  10), vessel transection (n  7), and no
proximal vascular fixation site (n  3).
Conclusions:Despite growing enthusiasm for endovascular repair of injuries to the axillary and subclavian vessels, realistic
clinical presentation and anatomic locations restrict the broad application of this technique at present. In our experience,
less than but approaching 50% of all injuries encountered could be addressed with an endovascular approach. This
percentage will increase during the upcoming decades if the endovascular technologies available in hybrid endovascular
operating rooms uniformly improve. (J Vasc Surg 2005;41:246-54.)Penetrating traumatic injuries to the axillary and sub-
clavian vessels are relatively infrequent in occurrence. Sub-
clavian arterial trauma accounts for only 5% of wartime
vascular injuries1 and 3% to 9% of civilian vascular inju-
ries.2,3 Similarly, axillary arterial trauma accounts for 3% to
9% of all major arterial injuries.4,5 Despite their limited
frequency, these traumatic injuries have been associated
with 5% to 39% morbidity and mortality rates in both
well-established6 and modern series.7,8
In the acute setting, axillosubclavian vascular injury
might present with hemorrhage, diminished or absent ex-
tremity pulses, neurologic deficits, hematoma, bruit, or
without hard physical examination signs. Once identified
however, these injuries have historically beenmanaged with
a conventional surgical approach, associated with its own
morbidity. Several technical factors complicate these vascu-
lar repairs including (1) the need for ample paraclavicular
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246incisions to obtain proximal and distal control, (2) ana-
tomic planes distorted by hematoma, (3) the potential for
inadvertent neurovascular injury, and (4) the potential for
significant hemorrhage. Given these limitations, a less inva-
sive approach to penetrating injuries of the subclavian and
axillary vessels has been recommended when feasible.9-11
Although an attractive alternative to more morbid con-
ventional surgery, endovascular therapy might not prove
feasible in all clinical scenarios. Associated injuries, com-
plete vessel transection, involvement of critical branch ves-
sels, and distal axillary vascular involvement might all limit
the feasibility or potential benefit of endovascular versus
conventional open surgical repair. Through a retrospective
analysis of angiographic and operative data, we performed a
feasibility analysis for endovascular repair among consecu-
tively encountered injuries of this type, so as to define more
clearly the applicability of endovascular therapy among all
patients presenting with these injuries.
PATIENTS AND METHODS
A retrospective review was performed from April 1991
to June 2000 on all patients who sustained upper extremity
penetrating axillosubclavian vascular injuries as identified
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Virginia Commonwealth University Medical Center. The
Trauma Registry only includes patients presenting with
noniatrogenic injuries; hence this study does not include
any iatrogenic vascular injuries. The details of patient ad-
missions, including operative and radiographic data, were
retrospectively reviewed. A total of 45 patients were iden-
tified. One patient sustained two distinct axillosubclavian
vascular injuries 7 years apart, a combined subclavian arte-
riovenous injury caused by a stab wound followed later by
an axillary arteriovenous injury on the ipsilateral side after a
gunshot wound. Data were analyzed and presented as a
function of the total number of events (n  46). Analysis
was performed on demographic data, the injury site and
side, mechanism of injury, examination at presentation, the
Injury Severity Score, time to intervention or repair, the
type of repair performed, need for fasciotomy, complica-
tions, mortality, functional outcome, and need for addi-
tional procedures.
So as to retrospectively analyze the endovascular feasi-
bility of treating these 46 injuries, strict criteria were estab-
lished (Table I) to define traumatic lesions that might be
triaged to endovascular repair (indications) versus those
that should not be triaged to endovascular repair (contra-
indications). In addition, relative contraindications for en-
dovascular repair were likewise defined. Discussed later in
more detail, such criteria were based on the senior endo-
vascular author’s experience in treating vascular injuries in
other anatomic locations and basic principles cited by other
authors in discussing the endovascular treatment of such
vascular injuries.12,13 Following the criteria established in
Table I, the 46 case presentations were reviewed concur-
rently by two endovascular surgeons (J.S.D. and M.M.L.),
and potential candidates for endovascular management
were defined readily.
RESULTS
Patient presentation characteristics. Among the 45
patients encountered (one patient presented twice), 41
patients were male (91%) and 4 were female (9%). Addi-
tional demographic, anatomic, and mechanism details are
listed in Table II. A total of 29 subclavian injuries, 16
axillary injuries, and 1 combined axillosubclavian injury
were identified (Table III). A multidisciplinary approach
was used in the care of these patients; the approach involved
the vascular, trauma, cardiothoracic, and radiology depart-
ments. During initial resuscitation, 20 patients required
tube thoracostomy, and 6 patients underwent emergency
department thoracotomy. All patients requiring emergency
department thoracotomy had subclavian vascular injuries
and did not survive.
Twenty-one patients (46%) underwent preoperative
diagnostic arteriography. In three of these cases, the arte-
riogram was followed by a therapeutic intervention. In two
patients, catheter-directed therapy was successful in treat-
ing avulsion/laceration injuries to first-order branches of
the subclavian artery. In the final patient, after successfulidentification of an axillary transection, a 5-mmballoon was
left in the distal subclavian artery for proximal control
during subsequent definitive conventional surgical repair.
Thirty-nine patients were managed in the operating
room. Two patients were successfully managed in the in-
terventional radiology suite, and five patients died of exsan-
guinating injury. A variety of operative exposures (Table
IV) and operative techniques (Table V) were used to ad-
Table I. Criteria for potential endovascular repair of
axillosubclavian vascular injuries
Indications Pseudoaneurysm
Arteriovenous fistula
First-order branch vessel injury/avulsion
Arterial intimal flap
Focal arterial laceration
Contraindications Long segmental arterial injury
Insufficient proximal or distal fixation point
of nontraumatized vascular tissue
Total/subtotal vessel transection
Relative Injury to 3rd portion of axillary artery
contraindications Significant venous injury
Refractory hypotension, unresponsive to
fluid resuscitation*
Compartment syndrome with
neurovascular compression
Obliged coverage of ipsilateral vertebral
artery for endoseal
*Presuming complete/adequate endovascular facilities not fully available in
the operating room.
Table II. Summary characteristics of 46 axillosubclavian
vascular injury presentations
Characteristic No. of presentations
Mean age (y) 29 (range, 13–49)
Side of injury
Right 22 (48%)
Left 24 (52%)
Mechanisms
Gunshot 28
Stab 10
Shotgun 6
Industrial accident 1
Electrical drill 1
Presentation characteristics
Diminished/absent brachial pulse 29
External pulsatile bleeding 7
Hematoma 25
Sensory or motor deficit 24
Hypotension (systolic blood pressure
80 mm Hg)
21
Associated injuries
Brachial plexopathy 10
Extremity fractures 8
Pulmonary contusion 5
Chest wall injury/rib fracture 3
Liver parenchymal injury 2
Small intestinal injury 1
Mesenteric injury 1
Mean Injury Severity Score (ISS) 17.3dress these injuries. The overall mortality among all pa-
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subclavian injury cohort only. All patients sustaining only
axillary vascular injuries survived. Six deaths occurred be-
fore operative interventions and included patients dying in
the emergency department and those receiving emergency
department thoracotomies. Three patients died in the op-
Table III. Location of axillosubclavian vascular injuries
Location No. of injuries
Axillary vessels 16
Isolated arterial 8
Isolated venous 1
Combined arteriovenous 3
First-order branches 3
Combined axillobrachial 1
Subclavian vessels 29
Isolated arterial 9
Isolated venous 4
Combined arteriovenous 9
First-order branches 3
Combined subclavian-innominate
or subclavian-carotid
4
Combined axillosubclavian vessels 1
Total injuries 46
Table IV. Surgical exposures to the axillosubclavian
vascular injuries
Injured vessel/exposure No. of patients
Subclavian injuries 22
Clavicular incision 9
Median sternotomy (with/without
extension)
5
Trap door incision 7
Anterior thoracotomy with rib resection 1
Axillary injuries 16
Infraclavicular incision 8
Extension of incision 5
Axillary approach 3
Combined axillosubclavian injury 1
Clavicular incision with axillary extension 1
Table V. Techniques for axillosubclavian vascular repair
Patients
Arterial injuries
Primary repair 9
Autologous vein interposition graft 7
Prosthetic interposition graft 7
Autologous vein patch 4
Side-branch ligation 4
Endovascular thrombosis of side-branch 2
Prosthetic patch 1
Carotid-subclavian arterial bypass 1
Side-branch transposition patch 1
Venous injuries
Primary repair 11
Ligation 2erating room before completion of vascular repair, and twopatients died postoperatively of complications of associated
injuries, despite successful vascular repair.
Among 37 surviving postoperative patients, docu-
mented postoperative complications were noted in 35% (n
 13). Infectious complications were noted in five patients
and included one wound infection, one urinary tract infec-
tion, one shoulder abscess, and two pneumonias. Six pa-
tients experienced significant postoperative bleeding, half
of whom had documented coagulopathies. Renal failure
occurred in two patients, and one patient experienced a
prolonged ileus.
Among patients surviving to hospital discharge (n 
35), primary arterial reconstruction patency was 94%. The
mean follow-up in these patients was 26.1 weeks (range, 1
to 194 weeks). One injured subclavian artery was treated
with an arterial patch graft repair and thrombosed on
postoperative day 5; this was treated with successful throm-
bectomy. An additional prosthetic interposition graft
thrombosed on postoperative day 9; this patient underwent
successful revision with an interposition vein graft. All
patients had palpable distal pulses at discharge, and none of
the patients required amputation.
Analysis of feasibility for endovascular treatment of
axillosubclavian injuries. Table VI summarizes the re-
sults of our analysis of feasibility. Of the 46 patient presen-
tations, six patients were effectively eliminated from subse-
quent analysis because they either required emergency
department thoracotomies or died in the emergency de-
partment. In effect, these six patients proved not to be
candidates for any effectual conventional or endovascular
surgical repair.
Among the 40 remaining patient presentations, 17
(43%) were judged to be endovascular candidates. These
included nine patients who had clearly documented ipsilat-
eral upper extremity neurologic deficits; however, in all of
these cases, the neurologic deficits appeared more likely a
result of direct brachial plexus injury rather than extrinsic
Table VI. Forty-six axillosubclavian vascular injuries:
Analysis of candidacy for endovascular repair
Endovascular
candidate Comment N
Yes Anatomically feasible/no contraindications 8
Yes Anatomically feasible/neurologic deficits
present as a result of direct neural injury
(no upper extremity compartment
syndrome)
9
Subtotal 17
No Required emergency department
thoracotomy or died in emergency
department
6
No Hemodynamically unstable (remainder) 10
No Vascular transection 7
No No proximal vascular fixation feasible 3
No Distal axillary artery injury 2
No Long segmental arterial injury 1
Subtotal 29compression of the plexus or axillary nerves from surround-
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hemodynamic stability, anatomic criteria for endovascular
repair, and no ipsilateral neurologic compromise. In this
group of patients, lesions judged amenable to endovascular
repair included first-order branch injuries, focal injuries,
arteriovenous fistulas (Fig 1), intimal injuries (Fig 2), and
pseudoaneurysms (Fig 3).
Among the 40 patient presentations without emer-
gency department thoracotomy or emergency department
death, there remained 10 patients with persistent hypoten-
sion refractory to standard resuscitation measures. An ad-
ditional 13 patients had anatomic criteria (Table VI) ren-
dering them less tenable endovascular repair candidates.
These included patients with complete vascular transection,
no effective proximal fixation site for endografting, distal
axillary arterial injury, and a long segmental arterial injury
(Fig 4). No patient presentations were eliminated from
endovascular candidacy because of obliged coverage of an
ipsilateral vertebral artery. In addition, although one pa-
tient presented with an ipsilateral compartment syndrome,
Fig 1. Digital arteriogram of select injection of right axi
and pseudoaneurysm (black arrowhead). The right subc
compression from the associated hematoma. On review,
an endovascular graft.this patient had an associated subtotal vascular transection.To summarize, when all total case presentations were
included, 17 of 46 case presentations (37%) were judged
amenable to endovascular repair. Among those patients
who maintained vital signs in the emergency department,
17 of 40 patient presentations (43%) were judged amenable
to endovascular repair.
DISCUSSION
Traumatic vascular surgical injuries, traditionally man-
aged with conventional surgery, are now increasingly
treated with endovascular surgical therapies. Since the first
reports of stent graft treatment for arterial injuries in
1991,14,15 an increasing variety of traumatic vascular inju-
ries are proving amenable to endovascular surgical proce-
dures; such injuries involve the brachiocephalic vessels,
aorta, and lower extremity arteries.16,17 The specific appli-
cation of endograft therapy for the treatment of traumatic
injury to the subclavian artery has been reported,18,19 and
the extension of this technology to the treatment of axillo-
rtery demonstrates an arteriovenous fistula (black arrow)
vein (white arrow) is demonstrated with mild extrinsic
jury was judged as anatomically reasonable to treat withllary a
lavian
this insubclavian aneurysms has been likewise described.20 Given
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tion of endovascular therapy on all patients with axillary and
subclavian vascular injuries, we sought to estimate the likely
overall applicability of this therapy in a retrospective cohort.
In addition, we sought to clearly define our own institu-
tional algorithm regarding the appropriate management of
these lesions.
Strict definitions for vascular lesions appropriate for
endovascular treatment were necessary to retrospectively
analyze our 10-year patient cohort. On the basis of docu-
mented and accepted practice for covered stent placement
in other anatomic vascular locations, indications for endo-
vascular repair in Table I were defined. In so defining these
“indications,” we do not suggest better treatment durabil-
ity with endovascular versus conventional surgical repair,
but we merely suggest that these lesion classes have been
addressed successfully with endovascular therapy. Table I
indications included arterial pseudoaneurysms (including
limited arterial lacerations with preserved distal perfusion),
arteriovenous fistulas, first-order branch avulsions, and in-
timal flaps. Although most of these lesions are effectively
treated with pure endovascular covered stents, first-order
(or second-order) branch avulsion lesion might addition-
ally be addressed with proximal control via a central occlu-
sion balloon and embolic occlusion of the branch vessel,
Fig 2. Digital subtraction arteriogram of aortic arch in
artery (white arrow) with preservation of anterograde flow
to treat with an endovascular graft.potentially via a retrograde brachial arterial access.Defining the conditions or criteria that contraindicated
the endovascular treatment of axillosubclavian injuries was
more difficult, because technology is advancing and oper-
ating rooms are modernizing. Nevertheless, reasonable
guidelines were established on the basis of the present
standard in most, albeit not all, hospital operating rooms.
Most contraindications, both strict and relative, were based
on anatomic criteria rendering endovascular repair less
tenable (eg, inadequate proximal or distal fixation points);
nevertheless, sustained hypotension, unresponsive to fluid
resuscitation was also listed as contraindication, because
most hospitals, at the time of this manuscript’s writing, do
not have a fully suited endovascular operating room. In
addition, we have included compartment syndromes in a
list of relative contraindications. Although, strictly speak-
ing, an endovascular repair might be performed in the
context of a compartment syndrome compressing the axil-
losubclavian neurovascular bundle, a surgical decompres-
sion would still be indicated. Hence the magnitude of
benefit of the endovascular procedure would be dimin-
ished, given the requisite conventional surgical exposure.
Additional relative contraindications worthy of further
discussion include injury to the 3rd portion of the axillary
artery and obliged coverage of an ipsilateral vertebral artery.
The endovascular repair of distal axillary vascular lesions is
n demonstrates an injury of the proximal left subclavian
review, this injury was judged as anatomically reasonablejectio
. Onclearly feasible but arguably less durable, because this vessel
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arrow). The distal axillary artery location is a relative contraindication for endovascular repair; however, in the context
of other life-threatening injuries, this lesion was judged reasonable to treat with an endovascular graft. B, Digital
subtraction arteriogram of select injection of right subclavian artery demonstrates pseudoaneurysm (white arrow) as
well as missile (black arrow). This mid-axillary artery location was judged anatomically reasonable to treat with an
endovascular graft.
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and extension forces than more completely intracorporeal
vessels. Because the conventional operative repair of lesions
in the distal axillary artery is less challenging, the relative
advantages of their endovascular repair are decreased. In
contrast to such distal axillary lesions, endovascular stents
in the subclavian vessels are viewed more favorably, despite
concerning evidence of stent graft fracture in this loca-
tion.21 Unlike the more distal axillary arterial injuries, the
conventional repair of such subclavian vascular injuries is
more challenging; the endovascular repair of these lesions,
either adjunctive (eg, proximal balloon control) or defini-
tive (eg, covered stent), might offer dramatic advantages.
Although the coverage of ipsilateral vertebral arteries with
covered endografts might be argued a strict contraindica-
tion in an elective context, there are life-threatening cir-
cumstances when such risk might be outweighed by the risk
of delaying definitive treatment of a second associated
life-threatening injury. Hence the coverage of these verte-
bral arteries was classified as a relative contraindication.
Embarking on this review, we anticipated that a major-
ity of patients presenting with axillosubclavian vascular
injuries would be amenable to endovascular therapy. Our
retrospective review demonstrated that among all patients
Fig 4. Digital subtraction arteriogram of a select inje
occlusion of the distal axillary/proximal brachial artery (w
of the very distal nature of the injury and its length, the in
reconstruction.presenting with such injuries, 37% proved appropriate forendovascular repair; among the more pragmatic cohort of
patients who maintain vital signs in the emergency depart-
ment, 43% proved appropriate for endovascular repair.
Although relatively modest, clearly a greater number of
patients might have potentially benefited from the place-
ment of a proximal subclavian or axillary arterial occlusion
balloon, facilitating their definitive conventional repair.
Nevertheless, the future applicability of endovascular
techniques to treat axillosubclavian injuries might be
broader than here reported. As traditional operating rooms
gradually evolve into endovascular surgical suites, the delay
in transporting a patient to the traditional nonoperative
interventional suite will become increasingly irrelevant.
The hemodynamically unstable patient, previously thought
unsafe in a standard nonoperative interventional suite,
might indeed be safe in an operating room with state-of-
the-art endovascular equipment. With the development of
endovascular operating room suites, such trauma patients
will likely benefit from either definitive endovascular repair
or at least endovascular adjunctive care, eg, proximal sub-
clavian balloon occlusion. Such proximal endovascular bal-
loon occlusion might provide more facile proximal control
than a conventional incision extension or might stabilize
the patient while more conventional surgical control is
of left axillary artery demonstrates a long segmental
ouble arrow) as well as the missile (black arrow). Because
as judged best treated with a conventional open surgicalction
hite d
jury wobtained.
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Xenos et al.22 In their retrospective review of 27 patients
with axillosubclavian arterial injuries during a chronologi-
cally similar time period, they reported that 12 patients had
lesions amenable to endovascular repair. Although only 7
of these 12 patients with “endofeasible” lesions underwent
endovascular repair, this subset of patients had shorter
operative times, less blood loss, and similar 1-year arterial
patencies. Although not suggesting superiority of endovas-
cular versus conventional surgical repair for these difficult
lesions, this group convincingly demonstrated that in prop-
erly selected patients, covered stents offered an attractive
alternative to traditional open surgical repair.
Reporting their experience in South Africa, duToit
et al23 examined 41 patients with penetrating injuries to the
axillosubclavian and carotid vessels. Twenty-six of the re-
ported patients were thought to be poor endovascular
candidates because of active arterial bleeding or acute vas-
cular occlusion at the time of presentation; the remaining
15 patients all underwent arteriography, and 10 were
deemed endovascular candidates (8 with axillosubclavian
lesions). Five patient injuries were not feasible for endovas-
cular repair, in most cases because of inability to cross the
injuries with guidewires. All 10 of the select endovascular
group underwent successful endovascular exclusion of the
injury. Although this series included carotid lesions as well,
it is notable that less than 25% of all initially presenting
patients proved appropriate candidates for endovascular
repair.
Tempered with these retrospectively analyzed data, we
encourage other institutions that manage such vascular
injuries to evaluate this patient group by using the algo-
rithm presented. The algorithmmight be modified at some
institutions as endovascular facilities become available in
their trauma operating rooms. Although it is tempting to
apply endovascular therapy to all such patients with axillo-
subclavian vascular injuries, our data suggest that this
would be an unrealistically broad application.
As with any retrospective analysis, our evaluation might
be plagued with the biases of the documenting health care
workers or the limitations of any computer registry. In
addition, arteriography was not performed in most pa-
tients, and this limits the accurate description of the extent
of injury to operative reports. Arteriographic or duplex
evaluation of all patients would have ameliorated this prob-
lem, but this was impractical because of the very issues this
analysis sought to evaluate. An additional limitation of our
analysis lies in the presumption that a vascular lesion
deemed appropriate for endovascular intervention would
indeed be successfully treated that way. This might overes-
timate the number of “endofeasible” lesions. As the analysis
by duToit et al23 demonstrated, some such lesions might
prove nonamenable to endovascular therapy, usually as a
result of failure to pass a guidewire across the lesion.
In conclusion, we have described our algorithm to treat
axillosubclavian vascular injuries with conventional surgical
versus endovascular treatment. On the basis of the data of
our retrospective review, we estimate that less than butapproaching 50% of all axillosubclavian vascular injuries
might be appropriately addressed with endovascular ther-
apy. It is anticipated that this percentage will increase
during the upcoming decades, as the endovascular technol-
ogies available in the operating rooms evolve and endovas-
cular suites become more commonplace. Nevertheless, our
data analysis also counsels caution. Because of the complex
individual presentations of many trauma patients, at present
a large subset will not be best treated with endovascular
therapy. It is incumbent on each treating vascular/endo-
vascular and trauma surgeon to balance patient clinical
presentation with the anatomic location.
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